The sense of taste holds a key integrate role in assessing the flavor of food before swallowing is initiated. If the expectations for taste are not met, palatability and pleasure of the food can decrease. In patients suffering from taste disorders, this may impair appetite and nutritional state. Testing gustatory function can be important for diagnostics and assessment of treatment effects. However, the gustatory tests applied are required to be both sensitive and reliable. In this study, we investigate the re-test validity of popular Taste Strips gustatory test for gustatory screening. Furthermore, we introduce a new sensitive Taste-Drop-Test, which was found to be superior for detecting a more accurate measure of tastant sensitivity.
Introduction
The chemical detection of tastants can be assessed by various methods (Webb et al. 2015) and is useful in various patient groups. For patients complaining of taste dysfunction, a thorough assessment of both gustatory and olfactory function is warranted, as many have difficulties differentiating gustatory deficits from olfactory impairments (Fjaeldstad et al. 2015) . Gustatory dysfunction can arise due to infections (Sakashita et al. 2004) , medicinal side effects (Douglass and Heckman 2010) , alterations in saliva production (Wolff et al. 2017) , or secondary to systemic diseases (Malaty and Malaty 2013) . Assessing gustatory function is also important before and after middle ear surgery, where the chorda tympani nerve can become damaged, thus impairing the ipsilateral taste function on the anterior two thirds of the tongue; more than 15% of these patients experience gustatory symptoms after surgery (McManus et al. 2012 ). Furthermore, dysgeusia or ageusia is also often found in cancer patients undergoing head and neck radiotherapy (Baharvand et al. 2013) . This can impair quality of life and nutrition intake, which can reduce chances of recovery. Impaired taste function has even been shown to be strongly associated with increased mortality in acutely hospitalized elderly people (Solemdal et al. 2014) .
As the gustatory function can have significant consequences for the treatment and care of patients, it is important to use accurate assessment methods. The most commonly used measurement of gustatory function is the recognition threshold. Several tests have been constructed to estimate this measure of gustatory sensitivity. Two of the most used and well validated methods are "Taste Strips" (Mueller et al. 2003; Landis et al. 2009; Solemdal et al. 2014 ) and liquid tastant drop tests (Matsuda and Doty 1995; Gudziol and Hummel 2007; Pingel et al. 2010) . The "Taste Strips" (Burghart Messtechnik GmbH) were originally validated by comparing the test scores with those of a liquid tastant drop test (Mueller et al. 2003) .
Both gustatory test types have their advantages and disadvantages. The "Taste Strips" are easy and fast to apply, and have a long shelf life (Landis et al. 2009 ). However, the "Taste Strips" are expensive compared to liquid drop tests and the difference in dilution steps vary across tastants; the sweet taste is doubled in concentration at each step, there is less than a twofold increase in the sour tastants, while the salty and bitter tastants are more than doubled at each concentration step (Landis et al. 2009 ). The liquid taste drop tests are possible to prepare with a minimum of laboratory equipment, however, the current versions of liquid taste drop tests suffer from the same shortcoming with uneven dilution steps between the different tastants (Pingel et al. 2010) .
In order to accurately test changes in peripheral gustatory function in both patients, and individuals undergoing gustatory training, a sensitive and reliable gustatory test is warranted.
The aim of this study is to introduce a sensitive Taste-Drop-Test, which uses a simple stepwise increase in concentration, and to compare the re-test reliability of the Taste-Drop-Test test with the re-test reliability of the established Taste-Strips gustatory test.
Methods
In this cohort study, we examined the gustatory function in a group of healthy individuals. Participants were tested with the Taste Strips and the Sensitive Taste-Drop-Test during a 1-day session with 45 min between repetitions of tests. The first half of the cohort (n = 50) was tested twice with the Taste Strips to enable evaluation of the re-test reliability. All participants were tested twice with the Sensitive TasteDrop-Test to ensure sufficient normative data for implementation of the test. The same tester, under the same conditions, at the same location, conducted all tests on a participant.
Prior to this testing, 2 pilot studies were conducted in order to ensure use of neutral water in the Taste-Drop-Test, and to ensure appropriate dilution steps.
Participants
Participants were between 18 and 39 years of age and did not suffer from any diseases affecting the mouth, nose, or sense of taste or smell. All participants had a subjective normal sense of taste and smell. Furthermore, participants had a normal sense of smell assessed with Sniffin' Sticks Niklassen et al. 2017 ) (Burghart Messtechnik GmbH) and a normal rhinoscopy. Furthermore, 6-n-propylthiouracil bitter tastant sensitivity (PROP test) and olfactory threshold, discrimination, and identification score (TDI score) were tested for all participants. Prior to testing, participants had avoided eating, drinking, chewing gum, and smoking for 1 h.
The study was conducted according to the Declaration of Helsinki on Biomedical Research Involving Human Subjects and was approved by the regional Ethics Committee. Permission to conduct the study was given by the Danish Ethical Committee (Etisk komité, Central Denmark Region). During enrollment, subjects were given detailed information about all testing procedures. Written consent was obtained from all subjects prior to the study.
Sub studies and variables

Taste strips
The "Taste Strips" is a validated gustatory test, used to assess patency of gustatory sensitivity for 4 tastants, sweet, sour, salty, and bitter, and are administered in a predefined pseudo-randomized procedure (Landis et al. 2009 ). The 4 tastants are presented in 4 different concentrations each: sweet taste: 0.05, 0.1, 0.2, and 0.4 g/ml sucrose; sour taste: 0.05, 0.09, 0.165, and 0.3 g/ml citric acid; salty taste: 0.016, 0.04, 0.1, and 0.25 g/ml NaCl; and bitter taste: 0.0004, 0.0009, 0.0024, and 0.006 g/ml quinine-HCl (Mueller et al. 2003) . During normal testing, all 4 concentrations for all 4 tastants plus 2 neutral tasting taste strips are presented to the tested individual. In this study, the focus is to establish a specific recognition threshold. Thus, the scores for the taste strips test are presented as the lowest recognized tastant, i.e. 4 points for recognizing the taste strip with the lowest concentration, 3 points for the second lowest concentration 2 points for the second highest concentration, 1 point for the highest concentration, and 0 point if none of the taste strips for the tastant is recognized. This computed a Taste Strips sensitivity score of 0-16, see Table 1 . As the test also includes 2 tasteless strips, the maximum score is 18.
Taste-DROP-Test
To investigate minor changes in peripheral gustatory sensitivity, we have developed a sensitive Taste-Drop-Test, with small dilution steps of sweet, sour salty, and bitter tastants. While previous test have been constructed with the purpose of differentiating individuals with a diminished sense of taste from individuals with a normal sense of taste Pingel et al. 2010) , the smaller dilution step differences and higher final dilutions enables us to register minute changes to gustatory sensitivity. Olfactory and gustatory sensitivity scores are included to ensure that participants tested twice with the Taste Strips (sub group, n = 50) are comparable with the whole cohort (n = 101). TDI = Sniffin' Sticks olfactory score (threshold, discrimination, and identification). CI: Confidence interval; PROP: 6-n-propylthiouracil bitter tastant test.
a Age is listed as median age with interquartile range in parenthesis, as data does not follow Gaussian distribution. All test scores are listed as mean values with 95% confidence intervals.
Water pilot study
The study was preceded by a water pilot study, where a group of participants underwent a double-blinded water tasting, in order to identify the most taste-neutral water for the Taste-Drop-Test. Participants were presented with 4 cups of water with numeric markings underneath. The cups contained 4 different types of water: local tap water, demineralized water, sterile water, and mineral water (Evian®). They were instructed to line up the cups depending on taste, with the most neutral tasting water closest to them and the water with most taste furthest away. The numbers and ratings were subsequently registered, and after data collection was completed for all participants, the blinding to the type of water was disclosed. The 4 types of water were listed (most neutral, second most neutral, third most neutral, and least neutral) for all participants.
Tastant dilutions
Dilution steps were organized to ensure easy reconstruction of the test and scalable steps of dilution. Solvents were weighed on a laboratory semi-micro scale (0.01 mg accuracy) and dilutions were made using a micropipette. The 4 tastants included in the test were sweet (sucrose), salty (NaCl), sour (citric acid), and bitter (quinine). All tastants were dissolved in the neutral tasting water as salts (crystalized), except from quinine, which was dissolved in 1 g of quinine per 100 ml solution of quinine hydrochloride.
A pilot study on 20 healthy participants was conducted to identify how diluted each tastant should be. The lowest identified dilution of a tastant underwent one further dilution step in the final version of the Taste-Drop-Test. For tastant dilution steps, see Supplementary  Table 1 .
Taste-Drop-Test testing procedure
The Taste-Drop-Test tastants were presented to participants with a transfer pipette (approximately 20 μL) to the desired region of the tongue. One drop was placed on each side of the anterior third of the tongue to test overall anterior taste sensitivity. The placement of the drop was placed away from the midline to selectively stimulate one branch of the chorda tympani (N VII). A list of options consisting of "neutral", "sweet," "sour," "salty," and "bitter" was presented to the participant who had to decide on one of these taste qualities without delay. Participants were given a glass of neutral water (room temperature), and asked to rinse between tastings. The participant had to confirm that the former taste had disappeared before the next tastant was presented.
All 4 tastants were presented in semi-randomized rounds with the lowest concentration first (dilution step 10), before initiating the next round, where 4 tastants in the second lowest concentration (dilution step 9) were presented.
When a tastant was correctly identified, the one step lower concentration of this tastant was presented as the first tastant of the next round; if this lower concentration was not identified, the previously correctly identified tastant concentration was repeated within the same round. If 2 tastants were correctly identified within a given round, both were tested in the beginning of the subsequent round before the higher concentrations of the other tastants were applied. When 2 subsequent presentations of a tastant concentration were correctly identified without correct identification of the lower concentration tastant, a tastant sensitivity score was registered. When a tastant was correctly identified, this tastant was replaced with a neutral stimulation in the subsequent semi-randomized rounds until tastant sensitivity scores for all 4 tastants were registered. At all times, the test administrator did not disclose the test design (rounds of testing and steps of concentration changes) or the correctness of tastant.
Statistical methods
Statistical analysis was performed using JMP 13.0 (SAS Institute). Data for both taste tests are presented as means with 95% confidence intervals (95% CI). Tastant threshold scores were compared (Paired t-test) . The test-retest reliability coefficients (Pearson's r) and internal consistency (Cronbach's Alpha) for each tastant were calculated. For the Cronbach's Alpha, values below 0.7 were interpreted as having low reliability and predictive validity (McCrae et al. 2011) . The criterion for statistical significance was set at alpha = 0.05.
Results
Participants
A total of 141 healthy individuals participated in the study. Of these, 20 participants were included in the water pilot study [9 male, 24 median age (25th-75th percentile: 22-27)], and 20 participants were included in the low dilution step identification [10 male, 24 median age (25th-75th percentile 22-30)]. Subsequently, 101 participants were included in the Sensitive-Taste-Drop-Test study, where the first 50 participants were additionally tested twice with the Taste Strips test. For demographic information, see Table 1 .
Water and tastant concentrations
In the pilot water study, 80% rated the tap water as the most neutral water, while the remaining 20% rated tap water as the second most neutral water. Consequently, tap water was used for the Taste-DropTest. In comparison, mineral water was the second most neutral water while 75% rated the sterile water as the least neutral water.
In the pilot study, between 2 and 4 further 2-fold-dilution steps of the 4 tastants were included in the preliminary Sensitive Taste-Drop-Test.
Main results
The Sensitive-Taste-Drop-Test had higher re-test reliability for all 4 tastants [Pearson's r: Sweet, r = 0.80 (P < 0.0001); Salt, r = 0.73 (P < 0.0001); Sour, r = 0.76 (P < 0.0001); Bitter, r = 0.74 (P < 0.0001)], and a higher internal consistency (Cronbach's Alpha: Sweet, 0.88; Salt, 0.83; Sour, 0.86; Bitter, 0.85).
The tastant recognition scores for the Taste Strip test had lower re-test reliability [Pearson's r: Sweet, r = 0.55 (P < 0.0001); Salt, r = 0.38 (P = 0.0061); Sour, r = 0.45 (P = 0.0011); Bitter, r = 0.55 (P < 0.0001)], and a lower internal consistency (Cronbach's Alpha: Sweet, 0.70; Salt, 0.55; Sour, 0.59; Bitter, 0.69), see Figure 1 .
Participants had mean combined test score for all the tastants of 12.79 points in the Taste Strips test, which was not significantly different in the group tested twice with the Taste Strips (12.72; n = 50), compared with group tested once with the Taste Strips (12.86; n = 51) (P = 0.75).
In this healthy population with a subjective normal gustatory function, the lower limits for achieved scores in the Taste Strips test were between 0 and 1 in the first applied test. In comparison, the lowest scores in the Sensitive Taste-Drop-Test were between 4 and 5 for all tastants, see Table 2 .
All of the participants who failed to identify a given tastant during the first application of the Taste Strips test failed to identify the same tastant during the second round of testing. However, 1 participant declined from a score of 3 in a tastant during the first round to a score of 0 for the same tastant in the second round. From the entire population, only 9 participants had a mean combined taste sensitivity score of less than 10 with the Taste Strips test. Of these, 3 of the 4 participants who were tested with the Taste Strips test twice managed to obtain scores within the highest 25-percentile during the second round of testing.
Discussion
Key results
We investigated the re-test reliability for the Taste Strips and found that it was below recommended levels for all tastants (Pearson's r = 0.38-0.55) with a low correlation between separate administrations of the test (Cronbach's Alpha = 0.55-0.70).
We constructed the Sensitive Taste-Drop-Test, with a simple 2-fold stepwise increase in tastant concentration. In this test, all tastant mean scores were reached around the third or fourth concentration step. The re-test reliability for the Sensitive Taste-Drop-Test was within recommended levels for all tastants (Pearson's r = 0.73-0.80), with a high correlation between separate administrations of the test (Cronbach's Alpha = 0.83-0.88).
Interpretation
The lower re-test reliability of the Taste Strips compared with the Sensitive Taste-Drop-Test can be caused by several factors. Firstly, the Taste Strips requires a sufficient layer of liquid on the tongue in order for the tastant to be dissolved. Although participants constantly rinsed their mouth in water and none suffered from diseases affecting their saliva or mucosae, this may have impaired their gustatory sensitivity. Secondly, the Taste Strips are only applied once for each concentration step. This improves the speed of application, but may reduce the accuracy of the test. The use of turning points during chemosensory testing is widely used in olfactory testing for the determination of chemical thresholds (Hummel et al. 1997) . This is also reflected in the occurrence of a complete failure to identify specific tastants for some participants in only 1 of the 2 test rounds. It is worth highlighting that 92 of 101 participants were able to achieve a high mean combined taste sensitivity score with the Taste Strips. Therefore, the test does serve the function as a gustatory screening tool. However, low scores should be interpreted with caution, as they do not necessarily reflect hypogeusia.
Limitations
In comparison with the Taste Strips, the disadvantages of the Sensitive Taste-Drop-Test is a shorter shelf life, longer time for applying the test, and the need for basic laboratory equipment to conduct the measurements required to produce the test. In comparison with sips or whole mouth rinse, the Sensitive Taste-Drop-Test can be applied to test laterality. It may also have less risk of confounding due to residual tastant remaining from earlier stimulation. However, in absence of facial innervation, a whole mouth rinse may be better suited to test posterior tastant sensitivity.
As in other widely used tests of chemosensory thresholds (Hummel et al. 1997; Pavlidis et al. 2017) , the test administrator was not blinded to the correctness of the response, as the knowledge of correctness was a prerequisite to follow the stepwise approach to determine tastant threshold. A blinding could be included in the test by introducing numbered tastant containers unknown to both the test administrator and participant. However, this would render a stepwise decrease/increase of tastant concentration impossible.
As described in the methods section, the normal procedure for applying the Taste Strips gustatory test computes a united score (0-18) for gustatory sensitivity. However, in this study we have tested the accuracy of which the Taste Strips can identify the tastant recognition threshold. The rationale for this application was 2-fold. Firstly, by investigating the re-test reliability for detecting each tastant, we were able to make a more accurate assessment of the reproducibility of the test. Secondly, we have shown that even for individuals unable to identify the highest concentration of a tastant in the Taste Strips test (score of zero), the Sensitive Taste-Drop-Test revealed an ability to recognize the tastant (with a score of at least 4), see Table 2 . Consequently, the easy application and long shelf life makes the taste strips ideal for a screening of overall gustatory function. However, the lower re-test reliability and the incorrect specific ageusia findings for some participants render the Taste Strips test unfit for determining reliable measures for individual tastants or for tracking the development of gustatory sensitivity.
The Taste Strips were only administered twice to half of the population, however, this was sufficient in order to obtain statistically significant measures of the re-test reliability for each tastant. With the inherent low re-test reliability and internal consistency of the Taste Strips, a direct comparison between the Sensitive Taste-DropTest and the Taste Strips was not logical. Instead, the comparison between the 2 tests was made on the basis of the re-test reliability and the Cronbach's Alpha.
Perspectives
The main focus of most gustatory tests have been to distinguish normogeusia from hypogeusia or ageusia (Landis et al. 2009 ). However, few tests are available for differentiating minute changes in gustatory sensitivity. A recent study augmented to add additional lower dilutions for each tastant in the "Taste Strips" test, in order to differentiate more subtle changes in gustatory sensitivity (Wolf et al. 2016) . However, as with the original "Taste Strip" test, the additional salty and bitter concentrations were not following a stepwise increase in concentrations. Though the ISO standard for investigating the sensitivity of taste (ISO3972:2011) includes the same dilution steps within each tastant (Geometrical ratio between 0.6 and 0.8), the test is not calibrated to fit the mean recognition thresholds for each tastant. Consequently, the mean recognition of salty taste occurs after 8-9 tastant concentration increases, while the sour tastant is recognized after 2-3 tastant concentration increases (Webb et al. 2015) . The difference in concentration steps-and especially the differences in concentration steps to reach the mean tastant recognition threshold-discourage the use and applicability of the ISO dilutions for detecting tastant recognitions threshold where time consumption is an important factor, such as in a clinical setting. In comparison, the Sensitive Taste-Drop-Test had corresponding mean scores for all tastants, and a 2-fold increase in concentration for all tastants. This allows for a simple production and interpretation of the Sensitive Taste-Drop-Test.
When investigating chemosensory function, much interest has been put into the interdependency between senses. In acquired anosmia, the electrophysiological trigeminal responses on the level of the mucosa where larger than in healthy controls (Frasnelli et al. 2007 ). This trigeminal sensitivity increased in the months following the loss of smell, suggesting a dynamic regulation of chemosensory peripheral sensitivity between the trigeminal and olfactory systems. As gustation and olfaction are closely linked in the multisensory perception of food (Fjaeldstad et al. 2016) , an equivalent mechanism could be present between the chemical senses of gustation and olfaction. However, a sensitive gustatory test ranging from low concentrations to the normal higher tastant concentrations in even scalable steps is a prerequisite for investigating these minute changes to gustatory sensitivity.
Quantifying gustatory sensitivity can be difficult. While the Taste Strips has the advantages of longer shelf life and faster administration, the Sensitive Taste-Drop-Test has a higher level of accuracy in determining the recognition threshold for a given tastant. We do not dispute that the Taste Strips can be used as a screening tool for gustatory function, however, the Sensitive Taste-Drop-Test offers several advantages if a more accurate measure of gustatory function is warranted. The lowest and highest score reached by healthy participants are listed for both tests. CI, confidence interval.
Supplementary data
Supplementary data can be found at Chemical Senses online.
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